Summary. Bicarbonate-14C and acetate-3H were simultaneously provided to corn roots to give 2 isotopic forms of malate in the tissue, malate-'$C produced by dark fixation reactions and malate-3H produced by reactions of the tricarboxylic acid cycle. Following a short pulse of exposure to the isotopes, the dissimilation of both isotopic forms o,f malic acid was followed. The rate of utilization of malate-3H was much faster than that of malate-14C.
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These results are interpreted as showing that the malate produced fro,m "-CO, is in a pool physically separated from that in the tricarboxylic acid cycle. The introduction of the 2 isotopes through distinct metabolic pathways produced the (lifferential labeling of 2 distinct pools of malate.
In previous experiments from this laboratory it lhas been shown, by measuring specific activities of CO2 and the carboxyl groups of some organic and amino acids after providing acetate-1-'4C, that the amounts of the individual acids undergoing metabolic turnover in the tricarboxylic acid cycle in a variety of plant tissues may be onily a small fraction of the total amount of acid present; in a word, that compartmentation of these metabolites is a general feature of plant cells (3) . The present experiments were designed to characterize further the pools of organic acid and to determine their response to different experimental and physiological conditions. 'rhe establishment of separate pools of a particular compound within the cells can presumably be achieved by 2 mechanisms: A) the compartmentized metabolite has a single origin and is segregated into listinct pools after its synthesis (e.g. an organic acid is produced by the tricarboxylic acid cycle within the mitochondria ibut part of it is excreted into the extramitochondrial cytoplasm or into the vacuole), and B) the pools have different origins, are specifically connected to distinct metabolic pathways and are not in equilibrium. These mechanismus are not exclusive; they may operate simultaneously and intermediate situations are possible.
As a first step we concentrated on the seconid mec,hanism (B) for which pnrpose an organic acid that could be synthesized by 2 
Materials and Methods
Maize grains (var. Wf 9 X 38-11) obtaine(d from the Agricultural Alumni Seed Association, Lafayette, Indiana, were soaked in tap water for about 17 hours an{d germinated for 2 days at 300 between nmoist paper towels. The root tips (apical 5 mn)m) were removed and subapical segment.s (2 cm) were used as experimental material.
The usual procedure was to place 2.5 g samples of root segments in open petri dishes containing 20 ml 0.01 M potassium phosphate pH 7.5 and the labeled acetate and/or bicarbonate. The amounts of labeled material used in the various experiments were as follows: Na-acetate-3H: 50 ,uc (0.1 ,umole), Naacetate-1-'4C: 5 juc (17.5 ,umoles), and Na-bicarbonate-14C: 10 MaC (0.55 umole).
I'LANT PIlYSIOLOGY
After 15 minutes the incubation medium was rapidly removed by suction. The roots were washed with about 50 ml water and the rinse water was immediately removed. The (1) .
The organic acids in the anion fraction were separated on a GME fraction collector using a linear gradient of formic acid from zero to 4 N. The test tubes containing the fractions were dried and 1 ml wrater added to each; after titration with standard NaOH, samples of 0.5 ml were taken for radioactivity determination in a 3 channel Packard scintillation spectrometer.
The scintillation fluid consisted of: 350 ml toluene, 350 ml dioxane, 210 
LIPS AND BEEVERS-CONIPARTMIENTATION OF ORGANIC ACIDS IN CORN ROOTS
under identical conditions. In these, tritium labeled acetate was used to label the malate in the tricarboxylic acid cycle. Because of possible complicationis of exchange reactions between 3H and H atoms the validity of regarding 3H loss from malate following a pulse of acetate-3H as a measure of malate utilizatioll was first established. This was done by coiiil)aring the behavior of labeled malate wheni it was produced from either acetate-1-_4C or acetate-3H in the samiie experiment. As figure 2 slhows, the (lisa)-pearance of 3H anid '4C from malate after the ptulse followed very similar kinietics. In subsequent experienlts acetate-3H and bicarbonate-'4C were presenit together during the pulse at pH 7.5. Evenl at this relatively high pH the uptake of acetate (3H) by the tissue was active enough to label several organlic acids anid glutamnate anid aspartate with several thousand counts (table I) .
The results of 1 such experimiienit in which the pH after the pulse vas 7.5, are shown in figure 3. It is clear that whereas the malate in the tricarboxylic acid cycle (now labeled with 3H) was lost quite rapidly, as in the experiment of figure 1A , there was virtually no utilization of 1'C labeled (dark fixation) malate. 
Discussion
The present observations show that for each metabolic pathway considered, the tricarboxylic acid cycle and dark CO, fixation, there is a specific pool of malic acid. When tihe tissue was maintained at pH 7.5 the malate produced from "CO, was apparently isolated from the oxidative reactions which degrade malate in the cycle. 
